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SPHERICAL MOTOR USING OSCILLATORY 
MAGNETIC FIELDS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to a spherical motor and, 
more particularly, to a spherical motor that includes a 
plurality of tWo-axis magnetic elements positioned on one of 
a ?eld sphere or an armature sphere and a plurality of 
three-axis magnetic elements positioned on the other of the 
?eld sphere or the armature sphere, Where the tWo-axis 
magnetic elements generate oscillating magnetic ?elds and 
the three-axis magnetic elements detect the oscillating mag 
netic ?elds and then provide an actuating magnetic torque to 
position the armature sphere. 

2. Discussion of the Related Art 

There is a need to accurately point various devices, such 
as antennas, sensors, detectors, etc., in a particular direction 
Within a desired ?eld of vieW. Currently, these devices are 
typically mounted on a tWo or three axis gimbal assembly 
Where each axis includes a separate gimbal that is controlled 
by a separate motor to point the device in the desired 
direction. Such gimbal assemblies typically employ com 
plex Wrist and elboW joints that result in a relatively large 
and complex system sometimes unsuitable for certain appli 
cations. 

Spherical motors are knoWn in the art that require less 
space and can rotate and direct a device in three degrees of 
freedom. HoWever, current spherical motor designs typically 
use extremely complex algorithms and modeling techniques 
that make their implementation dif?cult, impractical and 
cost prohibitive. 
US. Pat. No. 5,410,232 issued to Smith illustrates this 

problem. The ’232 patent discloses a spherical motor 10 
including a spherical stator 12 surrounding a spherical rotor 
18. Suitable bearings are provided so that the rotor 18 can 
rotate Within the stator 12. A motor shaft 24 is mounted to 
the spherical rotor 18 and extends through a stator opening 
26. The motor 10 provides three-axis positioning of the shaft 
24 Within the opening 26. The spherical rotor 18 includes a 
plurality of rotor magnets or poles 22 disposed on its outer 
surface, and the spherical stator 12 includes a plurality of 
stator poles 14 disposed on its inner surface. The stater poles 
14 are controllable electric coils and the rotor poles 22 are 
permanent magnets de?ned by a magnetic core. The mag 
netic ?elds of the poles 14 and 22 interact to provide a torque 
on the rotor 18 to position the shaft 24. 

The motor 10 includes an orientation sensing system 40 
having a spherical grid pattern 42 provided on the outer 
surface of the rotor 18. The grid pattern 42 includes a set of 
symmetrically spaced radial lines continuously converging 
to a point P, Where the motor shaft 24 is situated, and a set 
of parallel lines that are orthogonal to the radial lines. The 
system 40 uses a mathematical algorithm to determine the 
position of the rotor 18 relative to the grid pattern 42, and 
control the magnetic ?elds to position the shaft 24. 
Particularly, the system 40 uses the grid pattern 42 to 
determine the position of the rotor 18 and uses the magnetic 
?eld supplied to the rotor poles 22 to provide the desired 
torque. 

The magnetic ?elds generated by the ?xed magnet poles 
22 are extremely complicated. Further, every time the rotor 
18 moves, the magnetic ?eld that the rotor 18 sees is 
different. Therefore, it is necessary to accurately knoW the 
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2 
position of the rotor 18 relative to the ?xed poles 22. The 
sensing system 40 computes the magnetic ?eld as seen by 
the rotor 18 each time the rotor 18 move. The rotor poles 22 
are turned on and off to move the rotor 18 in the desirable 
direction. This operation requires a very elaborate position 
knoWledge scheme for the rotor 18 employing complex 
algorithms. It Would be desirable to provide a spherical 
motor that Was much less complex to control. 

SUMMARY OF THE INVENTION 

In accordance With the teachings of the present invention, 
a spherical motor is disclosed that simultaneously provides 
motive torque in three degrees of freedom. The spherical 
motor includes an outer sphere and an inner sphere posi 
tioned therein, Where one of the spheres is a stationary ?eld 
sphere and the other sphere is a rotatable armature sphere. A 
?rst set of magnetic elements is formed on the outer sphere 
and a second set of magnetic elements is formed on the inner 
sphere. One set of the magnetic elements are ?eld magnetic 
elements that include at least tWo coils providing magnetic 
?elds in tWo axes. The other set of the magnetic elements are 
sensor/actuator magnetic elements that include three coils 
providing magnetic ?elds in three axes. 

The ?eld magnetic elements generate a regularly varying 
magnetic ?eld. Each sensor magnetic element senses its 
localiZed magnetic ?eld variations generated by the ?eld 
magnetic elements and generates a torque relative thereto to 
rotate the armature sphere. Over one complete ?eld variation 
of the ?eld magnetic elements, each sensor magnetic ele 
ment can produce torque about all three axes. Because each 
sensor magnetic element generates the required torque 
vector, no coordination is necessary betWeen the tWo sets of 
magnetic elements. 

Additional advantages and features of the present inven 
tion Will become apparent from the folloWing description 
and appended claims, taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is perspective vieW of a spherical motor, according 
to an embodiment of the present invention; 

FIG. 2 is a perspective vieW of half of an outer ?eld sphere 
removed from the spherical motor shoWn in FIG. 1 and 
including a plurality of ?eld magnetic elements; 

FIGS. 3(a)—3(c) are perspective vieWs of one of the ?eld 
magnetic elements shoWn in FIG. 2; 

FIG. 4 is a perspective vieW of half of an armature sphere 
removed from the spherical motor shoWn in FIG. 1 and 
including a plurality of sensor/actuator magnetic elements; 
and 

FIG. 5 is a perspective vieW of one of the sensor/actuator 
magnetic elements shoWn in FIG. 4. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The folloWing discussion of the embodiments of the 
invention directed to a spherical motor is merely exemplary 
in nature, and is in no Way intended to limit the invention or 
its applications or uses. 

The present invention includes a spherical motor that 
provides three-degrees of freedom of rotation, but does not 
suffer the complexities of the spherical motors knoWn in the 
art. As Will be discussed in detail beloW, the spherical motor 
of the invention employs a plurality of ?eld magnets that 
create oscillating magnetic ?elds that generate a voltage that 
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is proportional to the derivative of the magnetic ?elds. 
Sensor/actuator magnets sense these oscillating magnetic 
?elds over one complete oscillating magnetic ?eld cycle. 
The sensor/actuator magnets then generate actuating mag 
netic ?elds that provide torque on the moving sphere of the 
motor to position it at the desired location. Thus, the motor 
does not need to employ a complex vision system that 
determines the position of the moving sphere of the motor. 

FIG. 1 is a perspective vieW of a spherical motor 10, 
according to an embodiment of the present invention. The 
spherical motor 10 includes an outer ?eld sphere 12 and an 
inner armature sphere 14. As Will become apparent from the 
discussion beloW, the term “sphere” as used herein also 
includes a portion of a complete sphere, and possibly less 
than half of a sphere. A gap is de?ned betWeen the spheres 
12 and 14 so that the armature sphere 14 is free to rotate 
Within the ?eld sphere 12 by any suitable mechanism, such 
as a forced air pocket, ball bearings, electrostatic repulsion, 
?uid bearings, etc. The ?eld sphere 12 includes a plurality of 
symmetrically disposed magnetic regions 20 formed in an 
outer shell 22 of the sphere 12, and the armature sphere 14 
includes a plurality of symmetrically dispose magnetic 
regions 24 formed in an outer shell 32 of the sphere 14. The 
diameter of the spheres 12 and 14 and the thickness of the 
shells 22 and 32 Would be application speci?c, and can be 
any dimension suitable for the purposes described herein. 
The armature sphere 14 includes a motor shaft 16 

mounted to the shell 32 that extends through an opening 18 
in the ?eld sphere 12. Adevice (not shoWn) can be mounted 
to the shaft 16, so that it can be positioned in a particular 
direction by rotation of the sphere 14 in three-degrees of 
freedom. The device can be any device that requires 
pointing, such as a communications antenna, sensor, optical 
device, etc. Alternately, the device can be completely 
mounted Within the armature sphere 14. Depending on the 
application and the con?guration of the spheres 12 and 14, 
the device can be directed in any direction Within a 360° 
?eld-of-vieW de?ned by the spheres 12 and 14. In a practical 
application, the pointing of the device Would probably be 
limited to a ?eld-of-vieW Within 180°. As Will be discussed 
in detail beloW, the spherical motor 10 employs a technique 
of detecting changing or oscillating magnetic ?elds to pro 
vide torque on the armature sphere 14 to position the device. 

FIG. 2 is a perspective vieW of half of the ?eld sphere 12 
separated from the motor 10. A tWo-axis ?eld magnetic 
element 26 is symmetrically positioned Within each mag 
netic region 20. FIGS. 3(a)—3(c) shoW a perspective vieW of 
one of the magnetic elements 26 separated from the ?eld 
sphere 12. Each magnetic element 26 includes a ?rst coil 28 
Wrapped around a ferrite core 34, and a second coil 30 
Wrapped around a ferrite core 36, Where the cores 34 and 36 
are orthogonal to each other. HoWever, as Will be appreci 
ated by those skilled in the art from the discussion herein, the 
coils 28 and 30 do not need to be orthogonal to each other 
for the spherical motor 10 to operate Within the scope of the 
present invention. 

In this embodiment, the ?eld sphere 12 includes fourteen 
magnetic regions 20 each including a single magnetic ele 
ment 26. HoWever, this is by Way of a non-limiting example 
in that a practical ?eld sphere for a spherical motor probably 
Would include many more magnetic regions 20 and mag 
netic elements 26. The symmetrical positioning of the mag 
netic regions 20 on the shell 22 is also by Way of a 
non-limiting example in that the regions 20 and the elements 
26 can be disposed on the shell 22 in any suitable con?gu 
ration. The magnetic regions 20 generally de?ne a con?ned 
area of the magnetic ?elds for each particular magnetic 
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4 
element 26, but the magnetic ?elds of the elements 26 can 
overlap Without affecting the operation of the system 10. 
Further, a common voltage source can be employed to 
operate all of the magnetic elements 26. 
The direction of the combined magnetic ?eld from the 

coils 28 and 30 is determined by the direction of the current 
traveling through the coils 28 and 30 When a positive or 
negative voltage potential is applied thereto. In FIG. 3(a), 
the coil 30 is receiving a positive potential and the coil 28 
is off, so that the direction of the current ?oW through the 
coil 30 creates a magnetic ?eld 38 along the axis of the core 
36. In FIG. 3(b), the coils 28 and 30 are both receiving a 
positive potential so that the direction of the current ?oW 
through the coils 28 and 30 creates the combined magnetic 
?eld 38 at a 45° angle relative to the axes of the cores 34 and 
36 in the direction indicated. In FIG. 3(a), the coil 28 is 
receiving a positive potential and the coil 30 is off, so that 
the direction of the current ?oW through the coil 28 creates 
the magnetic ?eld 38 along the axis of the core 34. If the 
coils 28 and 30 are Wound in the opposite direction, then the 
magnetic ?eld Would be in the opposite direction for the 
same voltage potential. 
As is apparent, if a negative voltage is also applied to the 

coils 28 and 30 in the manner as described herein the 
direction of the magnetic ?eld 38 Will rotate 360° in the 
plane of the cores 34 and 36. Thus, a tWo-axis ?eld generator 
can be created by discreetly changing the potential applied 
to the coils 28 and 30 in the sequence (+, off), (+, +), (off, 
+), (—, +), (—, off), (—, —), (off, —), (+, —), Where the magnetic 
?eld rotates in discreet 45° steps. The magnetic ?eld 38 can 
also be caused to rotate continuously by applying a sinu 
soidal voltage potential to the coils 28 and 30 that are 90° 
apart in phase. 
According to the invention, the relative orientation of the 

magnetic elements 26 and the rotating magnetic ?elds that 
they generate is not important. It is only necessary that the 
magnetic ?elds move so that they can be detected. Also, if 
the magnetic ?elds did not move, a torque could never be 
generated parallel to the magnetic ?elds due to the nature of 
the cross product magnetic torque laW. By providing a 
moving magnetic ?eld, an average torque can be generated 
in any direction. Further, the magnetic ?eld 38 does not need 
to rotate 360° for the spherical motor 10 to operate according 
to the invention. Also, additional coils, including coils 
providing three-axis magnetic ?elds, can be employed in 
each magnetic element 26 to provide the moving magnetic 
?eld Within the scope of the present invention. 

FIG. 4 is a perspective vieW of a portion of the armature 
sphere 14 separated from the motor 10. Each of the plurality 
of magnetic regions 24 includes a three-axis sensor/actuator 
magnetic armature element 42 disposed therein. Aperspec 
tive vieW of one of the magnetic elements 42 removed from 
the armature sphere 14 is shoWn in FIG. 5. Each sensor/ 
actuator magnetic element 42 includes a ?rst coil 44 
Wrapped around a core extending along a ?rst axis, and a 
second coil 46 Wrapped around a core extending in a second 
axis perpendicular to the ?rst axis, as shoWn. Four separate 
coils 48, 50, 52 and 54 are positioned in each quadrant 
de?ned by the axes of the coils 44 and 46, Where each coil 
48—54 is Wrapped around a core extending along an axis 
perpendicular to both the ?rst and second axes to provide the 
three axes. Therefore, the magnetic element 42 senses or 
provides a magnetic ?eld in any direction. 

The sensor/actuator magnetic elements 42 are used to 
sense local magnetic ?eld properties and produce torque 
about all three axes. Because the magnetic ?elds generated 
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by the magnetic elements 26 are moving, the magnetic 
elements 42 can sense the direction of a localized magnetic 
?eld around it. The elements 26 can then use their magnetic 
?elds to generate a torque relative to the moving magnetic 
?elds to move the armature sphere 14 relative to the ?eld 
sphere 12. In one embodiment, each magnetic element 42 
Will sense its localiZed magnetic ?eld through one complete 
cycle of the moving magnetic ?eld. 
When the elements 42 are sensing, a control system (not 

shoWn) records the voltages on the coils 44—54 as the 
localiZed magnetic ?eld for that element 42 moves through 
its cycle. If a magnetic armature element 42 is sensing the 
magnetic ?eld of one of the magnetic ?eld elements 26, it 
Will determine the direction of the magnetic ?eld 38 as it 
moves relative to the coils 28 and 30. The control system 
then calculates the magnetic ?eld as it appears locally to that 
particular armature element 42, and assumes it Will be the 
same for the next cycle. In other Words, the control system 
knoWs Where the magnetic ?eld is because the localiZed 
magnetic ?elds are rotating at a particular rate. 

After measuring for one complete cycle, the armature 
magnetic elements 42 Will then generate an actuating mag 
netic ?eld in a particular direction that interacts With the ?eld 
magnetic element ?elds, so that the magnetic ?elds cause a 
torque on the armature sphere 14. In other Words, the control 
system Will apply a voltage potential to the coils 44—54 in 
each of the magnetic elements 42 so that for the next cycle 
of the moving magnetic ?eld, Which Will noW be knoWn by 
the system, a desired torque can be applied to the armature 
sphere 14 to position the shaft 16. Thus, any torque in any 
direction can be generated by the system. 

In this embodiment, the magnetic elements 42 are sensing 
the magnetic ?elds for one cycle of the magnetic ?elds, and 
then actuating the armature sphere 14 for the next cycle of 
the magnetic ?elds in an alternating sequence. The magnetic 
elements 42 can all be sensing and then all be actuating 
together. Alternatively, some of the magnetic elements 42 
can be sensing While other of the magnetic elements 42 are 
actuating. 

During the sensing phase, each magnetic element 42 is 
sensing the magnetic ?eld around it, Which may be provided 
by one or more of the ?eld elements 26. Therefore, the 
orientation of the ?eld elements 26 on the shell 22 is not 
important. Because each element 42 generates the desired 
torque vector, no coordination is necessary betWeen the 
various armature elements 42. Once the global torque 
requests to the motor 10 is transformed into a local actuator 
set reference frame, a simple local controller can manipulate 
the coils 44—54 in the armature elements 42 to generate a 
torque vector parallel to the torque requested to position the 
shaft 16. 

As discussed above, When a magnetic element 42 acts as 
sensing elements and then as an actuating element, the motor 
10 has a 50% duty cycle in that the magnetic elements 42 
Will be sensing half the time and actuating the other half of 
the time. The duty cycle can be varied by changing the 
sensing and actuating times. In an alternate embodiment, the 
magnetic elements 42 can be providing actuation continu 
ously. In this embodiment, the armature elements 42 do not 
sense the oscillating magnetic ?elds generated by the ?eld 
elements 26, but sense the back electromotive force (EMF) 
generated by the ?eld elements 26. It is still necessary that 
magnetic ?elds are moving. Thus, by sensing the back EMF 
of the magnetic ?elds generated by the ?eld elements 26, the 
armature elements 42 are sensing and actuating at the same 
time. 
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6 
Variations of the embodiments discussed above can be 

made Within the scope of the present invention. For 
example, the outer sphere can be the armature sphere that 
moves relative to the inner, ?eld sphere. The three-axis 
magnetic elements 42 and the tWo-axis magnetic elements 
26 can be positioned on either the ?eld sphere or the 
armature sphere, regardless Which of the inner and outer 
sphere is the ?eld sphere 12 and the armature sphere 14. 
Further, the ?eld sphere 12 and the armature sphere 14 do 
not need to have the identical distribution of magnetic 
elements thereon. The number of ?eld magnetic elements 26 
and armature magnetic elements 42 Will be determined for 
different applications. If the requested torque is going to be 
calculated in the base frame, it may make more sense to have 
the outer sphere be the armature sphere. HoWever, if the 
requested torque is going to be calculated in the reference 
frame, it may make more sense for the inner sphere to be the 
armature sphere. 
The foregoing discussion discloses and describes merely 

exemplary embodiments of the present invention. One 
skilled in the art Will readily recogniZe from such discussion 
and from the accompanying draWings and claims that vari 
ous changes, modi?cations and variations can be made 
therein Without departing from the spirit and scope of the 
invention as de?ned in the folloWing claims. 
What is claimed is: 
1. A spherical motor comprising: 
an outer ?eld sphere, said outer ?eld sphere including a 

plurality of ?eld magnetic elements disposed thereon; 
and 

an inner armature sphere positioned Within the outer ?eld 
sphere, said inner armature sphere being rotatable 
Within the outer ?eld sphere, said inner armature sphere 
including a plurality of armature magnetic elements, 
Wherein one of the plurality of ?eld magnetic elements 
or armature magnetic elements are at least tWo-axis 
magnetic elements and the other of the ?eld magnetic 
elements or the armature magnetic elements are three 
axis sensor/actuator magnetic elements, said tWo-axis 
magnetic elements generating a moving magnetic ?eld 
and said sensor/actuator magnetic elements sensing the 
moving magnetic ?elds and generating actuator mag 
netic ?elds to provide a torque to move the armature 
sphere relative to the ?eld sphere. 

2. The motor according to claim 1 Wherein the tWo-axis 
magnetic elements include a ?rst coil Wrapped around a core 
extending in one direction and a second coil Wrapped around 
a core extending in an orthogonal direction. 

3. The motor according to claim 1 Wherein the sensor/ 
actuator magnetic elements include a ?rst coil Wrapped 
around a core extending in a ?rst direction, a second coil 
Wrapped around a core extending in a second direction 
orthogonal to the ?rst direction and at least one third coil 
Wrapped around a core extending in a direction perpendicu 
lar to the ?rst direction and the second direction. 

4. The motor according to claim 3 Wherein the at least one 
third coil is four coils, Where one of the four third coils is 
positioned in each quadrant de?ned by the intersection 
betWeen the ?rst and second directions. 

5. The motor according to claim 1 Wherein the plurality of 
?eld magnetic elements are symmetrically disposed on the 
?eld sphere and the plurality of armature magnetic elements 
are symmetrically disposed on the armature sphere. 

6. The motor according to claim 1 Wherein the armature 
sphere includes a shaft extending through an opening in the 
?eld sphere. 

7. The motor according to claim 1 Wherein the ?eld sphere 
is about a half hemisphere of a total sphere. 
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8. The motor according to claim 1 wherein sinusoidal 
signals 90° apart in phase are applied to the ?eld magnetic 
elements to generate the continuously moving magnetic 
?eld. 

9. The motor according to claim 1 Wherein the sensor 
magnetic elements sense the back EMF created by the ?eld 
magnetic elements. 

10. A spherical motor comprising: 
an outer sphere, said outer sphere being one of a station 

ary ?eld sphere or a movable armature sphere, said 
movable armature sphere being rotatable relative to the 
stationary ?eld sphere, said outer sphere including a 
plurality of outer magnetic elements disposed thereon; 
and 

an inner sphere positioned Within the outer sphere, said 
outer sphere being the other one of a stationary ?eld 
sphere or a movable armature sphere, said inner sphere 
including a plurality of inner magnetic elements being 
disposed thereon, Wherein one of the plurality of outer 
magnetic elements or inner magnetic elements are at 
least tWo-axis magnetic elements and the other of the 
outer magnetic elements or the inner magnetic elements 
are three-axis sensor/actuator magnetic elements, said 
tWo-axis magnetic elements generating a moving mag 
netic ?eld and said three-axis magnetic elements sens 
ing the moving magnetic ?elds and generating actuator 
magnetic ?elds to provide a torque to move the mov 
able sphere relative to the stationary sphere. 

11. The motor according to claim 10 Wherein the tWo-axis 
magnetic elements include a ?rst coil Wrapped around a core 
extending in one direction and a second coil Wrapped around 
a core extending in an orthogonal direction. 

12. The motor according to claim 10 Wherein the sensor/ 
actuator magnetic elements include a ?rst coil Wrapped 
around a core extending in a ?rst direction, a second coil 
Wrapped around a core extending in a second direction 
orthogonal to the ?rst direction and at least one third coil 
Wrapped around a core extending in a direction perpendicu 
lar to the ?rst direction and the second direction. 

13. The motor according to claim 12 Wherein the at least 
one third coil is four coils, Where one of the four third coils 
is positioned in each quadrant de?ned by the intersection 
betWeen the ?rst and second directions. 
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14. The motor according to claim 10 Wherein the plurality 

of tWo-axis magnetic elements are symmetrically disposed 
on the outer sphere or the inner sphere and the plurality of 
three-axis magnetic elements are symmetrically disposed on 
the outer sphere or the inner sphere. 

15. The motor according to claim 10 Wherein the inner 
sphere includes a shaft extending through an opening in the 
outer sphere. 

16. The motor according to claim 10 Wherein sinusoidal 
signals 90° apart in phase are applied to the tWo-axis 
magnetic elements to generate the continuously moving 
magnetic ?eld. 

17. The motor according to claim 10 Wherein the sensor 
magnetic elements sense the back EMF created by the 
tWo-axis magnetic elements. 

18. A method of positioning a device, said method com 
prising: 

applying a voltage potential to a plurality of at least 
tWo-axis magnetic elements positioned on one of either 
an inner sphere or an outer sphere to generate moving 
magnetic ?elds, one of either the inner sphere or the 
outer sphere being rotatable relative to the other sphere; 

detecting the moving magnetic ?elds by a plurality of 
three-axis magnetic elements positioned on the other 
one of the inner sphere or the outer sphere; and 

applying a voltage potential to the plurality of three-axis 
magnetic elements positioned on the other one of the 
inner sphere or the outer sphere to generate three-axis 
magnetic ?elds that interact With the moving magnetic 
?elds to rotate the movable sphere relative to the 
stationary sphere and position the device. 

19. The method according to claim 18 Wherein applying 
a voltage potential to a plurality of tWo-axis magnetic 
elements includes applying sinusoidal voltage signals 90° 
apart in phase to the tWo-axis magnetic elements to generate 
the continuously moving magnetic ?eld. 

20. The method according to claim 18 Wherein detecting 
the moving magnetic ?elds includes sensing the back EMF 
created by the tWo-axis magnetic elements. 


